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ABSTRACT
The paper presents and discusses the age pattern of mortality observed in
Ngayokheme (Sine Saloum, Senegal). It is cQmpared to data of other developing areas
and to model life tables. Mortality at ages 1 to 4 is shown to be much higher than
anywhere else where datd are available. Reasons for this pattern are investigated.
Emphasis is given to the epidemiological pattern, especially to diarrheal diseases and
malaria and to the seasonality of mortality.
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Although the general shape of the force of mortality function is known well enough
to permit the construction of model life tables, little is yet known about the exact
shape of this function at the three most important parts of the curve: the beginning,
i.e. mortality of infants and children, the minimum, i.e. mortality of young adults,
and at the end, i.e. mortality of the elderly. This paper focuses on the early ages
of life. We will see that the usual assumption of a regular decline at young ages
may be wrong in many developing countries, at least for certain rural populations. We
will show in the first part that the force of mortality may show a very important
increase after ages 6 months until around 3 years in certain cases. The second part is
an attempt to understand the causes of death and environmental factors responsible for
this suprising pattern.
PART 1: EVIDENCE OF HIGH HORTALITY IN LATE INFANCY AND EARLY CHILDHOOD
1.1 The pattern of infant and child mortality in Ngayokheme (Sine Saloum,
rural Sene,g,ill
The Data: In December 1962, Cnatrelle (ORSTOM) started a follow-up survey for the
study of mortality and fertility interrelations in the Sine Saloum region of Senegal.
This survey covered about 34,300 persons in the arrondissements of Niakhar and 18,900.
in Paos Koto. It was reduced after 1967 to two zones centered on the villages of
Ngayokheme (Sine) and Ndemene (Saloum). Every year since December 1962 enumerators
h~ve been sent to each household in these areas to ask for the events that have
occurred since the previous visit: births, deaths, migrations, marriages and divorces
(for more details see Cantrelle, 1969 or Cantrelle and Leridon, 1971). Since the list
of the members of the households' residents during the previous visit is available,
tee risk of undercounting events is small. One achieves a kind of population register
by this method of observation. However, since people do not keep accurate records of
dates, only the month of events is known. The dates can be estimated plus or minus 15
days. All retrospective data collected from the first census, especially age and place
of birth, are inaccurate, as is common in developing countries. Data collected during
the follow-up surveys are more reliable. The only major risk of undercounting. in the
yearly visits is for births followed by an early death. This tendency has been pointed
out, for the first two years, by Cantrelle (1969). To avoid this, a question on pregnancy
was asked of every woman after 1964. During the next visit the enumerator asked about
the outcome of pregnancy. Unfortunately, due to the periodicity of the survey (only once
a year) it seems likely that there is still an undercounting of those births that are
followed by an early death, as indicated below. Data presented here use the results
of this observation technique in the zone of Ngayokheme for the period December 1, 1962
to December 31, 1973, the only period for which data are available on magnetic tape.
Results: Table 1 gives the beginning of the life table computed for children
under 5 by 3-month age groups. It refers to the average experience of mortality
during the 1963-73 period for children born during that period. The first month has
been isolated; after age 3 only 6-month age groups are given, since the number of
deaths in each age group becomes very small. The life table has been computed by the
classic method, dividing deaths by person-years at risk to obtain the rates. Rates
are transformed into probabilities by the following formula:
n.m
q =
l+(ri-a)m
,
Age inter-
val in ex-
act months
of age
X-X+N
0-1
1-3
3-6
6-9
9-12
12-15
15-18
18-21
21-24
24-27
27-30
30-33
33-36
36-42
42-48
48-54
54-60
All
TABLE 1.1 INFANT AND CHILD MORTALITY AMONG BIRTHS OF BOTH SEXES IN NGAYOKHEME, 1963-73
Observed Life table values
Deaths
Probabilityof Survivors to in Person years
Age- dying in inter- beginningof inter- Cumulative lived in
Person specific val if child Probability intervalof val of deaths to intervalof
years death survivesto . of surviving 100,000 100,000 beginning 100,000
lived Deaths rate beginning interval births births of interval births
PY(X) D(X) M(X) Q(X) p(X) L(X) D(X) DD(X) LL(X)
191.1 157 .0.82153 0.06520 0.93480 100000 6520 0 7936.0
365.5 39 0.10670 0.01763 0.98237 93480 1648 6520 15443.0
520.2 64 0.12304 0.03029 0.96971 91832 2782 8168 22610.3
488.2 107 0.21918 0.05333 0.94667 89050 4750 10850 21668.8
441.2 120 0.27200 0.06576 0.93424 84300 5544 15700 20382.0
397.8 76 0.19104 0.04665 0.95335 18756 3614 21244 19229.8
365.1 71 0.19446 0.04146 0.95254 15082 3564 24818 18325.0
331.0 12 0.21751 0.05294 0.94106 11518 3181 28482 17406.1
301.1 50 0.16511 0.04059 0.95941 67131 2150 32269 16589.0
281.7 33 0.11716 0.02887 0.97113 64981 1876 3S019 16010.8
260.8 34 0.13037 0.03207 0.96793 63105 2024 36895 15523.3
242.4 33 0.13617 0.03347 0.96653 61081 2045 38819 15014.6
223.9 32. 0.14292 0.03510 0.96490 59036 2073 40964 14499.9
394.0 27 0.09853 0.03369 0.96631 56963 1920 43037 28001.5
348.9 17 0.04813 0.02401 0.97593 55043 1325 44857 27190.3
319.1 5 0.01561 0.00780 0.99220 53718 420 46282 26754.0
294.6 5 0.01697 0.00845 0.99155 53298 451 46102 26536.3
5767.1 942 0.16334 0.47153 0.52841 52841 41153 41153 329120.3
N
SUHHARYBY YEARS OF AGE
Person years lived
Exact age interval Rate by those who die Probability
(years) M(X) A(X) Q(X)
0-1 0.24130 0.43102 0.21244
1-2 0.19252 0.41687 0.11491
2-3 0.13134 0.50955 0.12339
3-4 0.05880 0.45418 0.05697
4-5 0.01634 0.50894 0.01621
1-5 0.10741 1.14603 0.32898
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where m is the rate, n is the width of the age interval (in years) and a the person-years
lived by those who die in the age interval. a has been taken as equal to n/2 for all 3-
month age groups, except for the first month, where it has been computed directly.
Figure 1 shows the shape of the force of mortality for each sex between ages 0 and 5.
One can see that the decline of the force of mortality is far from regular. In fact,
one can distinguish peaks in mortality at ages 0-1 month (commonly encountered), 9-12
months, and 33-36 months. Differences between the sexes are very small and we will
subsequently consider mortality of both sexes combined. Mortality of females is somewhat
lower for broad age groups.
1000.lqO
IOOO.4ql
Probability that difference
would be observed if both
sexes had the same probabi-
lity of deathl
Significance
level of diff-
erence
.08 .92
.32 .68
lThe probability that under the null hypothesis (Ho) the difference is not
observed in a random experiment.
Neither difference is significant at the .95 level, but mortality 0 to 1 is probably a
little higher for males. Note the high value of the force of mortality during the
first month of life: 0.80906 for both sexes combined. We will see later that this
value is probably slightly underestimated. Such a high level, if constant during the
first year, could have given a probability of dying before age I of .555.
The local peaks in mortality beyond the first months of life are not completely
surprising. A similar rise of death rates has been observed in some Mediterranean
countries such as Algeria and Tunisia. Gordon et ale (1967) have shown that an
unusually high mortality during the second year of life is not uncommon in some developing
countries. The rise during the third year in Gambia has been pointed out by McGregor "
1961, 1981). Cantrelle noted this pattern as early as 1959 and 1960. The high levels
of the force of mortality during the second and third year are, however, the most
surprising result of this investigation. Unfortunately figures are too small to show
directly that~ for instance', death rates at ages 33 to 36 months are higher than death
rates at ages 24 to 27 months. However, we have preformed the following tests:
Test 1: the force of mortality is not declining exponentially between 12 and 59 months,
as it was expected to do. To perform this test one assumes that the force of mortality
declines exponentially (He) and one compares the expected value under Ho to observed
values (see Table 1.2. a). Death rates at ages 18 to 48 months are significantly higher
than the predicted values.
Males Females
228.21 201.81
339.30 319.32
1.000
0.100
0.010
0.005
FIGURE 1 : AGE SPECIFIC DEATH RATES BY SEX, NGAYOKHEME 1963-73
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TABLE 1. 2 : TEST OF NON-EXPONENTIALDECLINE OF THE QUOTIENTS OF MORTALITY BETWEEN
12 AND 60 MONTHS
Ho: exponential decline of the force of mortality ages 12 to 60 months.
Test 2: the average decline of the force of mortality between 12 and 36 months is signi-
ficantly lower than the decline after 36 months. For this, one computes two regression
lines on the log of death rates.'from 12 to 36 and from 36 to 60 months and compares
the slopes.
Results appear in the following chart:
Ages 12-36 months: slope = -0.048179 nb of points = 9 %decline/year= 43.91%
Ages 36-60 months: slope = -0.10701 nb of points = 4 %decline/year = 72.31%
Level of significanceof difference= 0.999 (T test)
(Ho: exponential declines ages 12-36 and 36-60 are the same)
Test 3: the death rate at ages 33 to 36 months is significantly higher than expected
from the average decline experienced at ages 12 to 27 months. In this case expected
values of death rates from a regression line on the log of death rates at ages 12 to 27
are computed and compared to observed values.
Results are as follows:
Death rates age
0.09321
0.14292
32
8.955
0.955
33-36 months
Expected under Ho:
Observed:
nb of deaths:
X2
Level of significance:
(Ho: exponential decline of the force of mortality ages 12-36 months).
Age Expected
obsarved
nb of deaths X2 Level of
x5 x+n nQx significance
*
n x
.
12-18 0.09663 0.09190 147 0.39
28-24 0.06634 0.09138 122 18.62 .999
24-30 0.04544 0.06001 67 7.22 .991
30-36 0.03105 0.06740 65 91.94 .999
36-42 0.02121 0.03369 27 9.55 .996
42-48 0.01447 0.02407 17 7.59 .992
48-54 0.00987 0.00780 5 0.22
54-60 0.00673 0.00845 5 0.33
*
Level of significance 1 - probability that would observe actual value in a random
experiment if hypothesis He were true.
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Test 4: the force of mortality rises significantly between 24 and 36 months. For this
a regression line is computed on the log of the death rates at ages 27 to 36 months and a
test that the slope is significantly different from 0 is done. Results appear in the
following chart:
Slope = +0.0628
nb of points: 4
F(1,2) = 39.73
Level of significance: 0.961
(EO = no rise of the force of mortality at age 27 to 36 months).
Given the above, one can reasonably conclude that this shape of the force of
mortality is not a statistical artifact but actually a unique structure of infant and
child mortality. Hence, the features of the force of mortality in Ngayokheme can be
summarized as follows:
- a rise in the force of mortality after 6 months reaching a peak around
the first year;
- a decline smaller than expected from 12 to 36 months with a local rise in the
second 'part of the third year of life.
At other ages (0 to 6 and 36 to 60 months) the slope of the force of mortality corresponds
to that observed in other countries, i.e. it has a strong and regular decline.
Similar results have been found by Cantrelle and Leridon (1971) for the larger area
of Niakhar and by Cantrelle et al. (1980) for the area of Paos Koto (Saloum), although
the rise during the third year did not appear clearly. Results for the preliminary
analysis of the data over the 1963-1978 period also lead to this conclusion, indicating
that this pattern is not due to any accident or historical event but is the result of
the structure of the causes of death in this part of the world.
1.2 UNIQUENESS OF THE PATTERN
To show how specific this pattern is, one can compare it to model life tables that
summarize the mortality patterns observed in Europe during the 19th and 20th centuries.
Comparison will be made to the regional model life table (Coale and Demeny, 1966), to
the Ledermann model life tables, and to the general and African Brass standards.
ReK~onal mode life tables of Coale and Demeny
There are many ways to enter the regional model life tables' system. Theoretically,
the best method is to enter through ~10, since these life tables have been computed
through reg~ession on elO. elO observed in Ngayokheme is 50.075 for males and 50.561
for females. Using these values to identify mortality level in the different regions,
one obtains the results shown in Table 1.3. This table does not need further comment;
it shows the extreme difference between the Senegalese experience and the European
pattern of mortality. Even the North and South models that are often taken to be a
better fit for American mortality are far from realistic in this case. Note that the
East model is the only one to approach infant mortality with the same elOs, but in the
East model 4ql is very low.
TABLE 1. 3
OOMPARISON OF 1q AND 4ql IN NGAYOKHEME TO VALUES IN COALE-DEMENY MODEL LIFE TABLES AT THE
0 SAME VALUE OF etO
......
okheme West North East South
Male Female Male Female Male Female Male Female Male Female
lqo 228.2 201.8 135.6 132.6 126.7 126.3 208.4 191.4 167.9 162.9
4q1
339.3 319.3 68.1 83.3 92.1 101.5 86.7 96.9 132.7 151.7
level 11.25 11.94 12.81 11.24 11.27 10.34 10.86 9.81
TABLE 1. 4 COMPARISON OF
nqx's
IN NGAYOKHEME TO VALUES IN COALE-DEMENY MODEL LIFE TABLES WITH THE SAME IMR
Ngayokheme West North East South
Male Female Male Female Male Female Male Female Male Female
lq1 181.1 169.0 68.2 69.6 76.2 74.6 52.7 55.0 114.2 114.0
1q2 137.5 110.4 32.1 33.5 50.2 50.0 23.1 24.7 59.5 59.2
1q3 55.8 58.8 21.7 22.4 39.3 39.4 15.0 16.7 33.9 33.2
1q4 10.1 21.7 16.5 17.4 31.1 31.2 11.2 11.8 19.4 19.5
4q1 339.3 319.3 132.2 136.3 183.2 181.6 98.7 105.6 210.7 209.9
4q1/1Qo 1.487 1.582 0.579 0.675 0.803 0.900 0.432 0.523 0.923 1.040
level 7.946 7.645 6.544 6.193 10.302 9.717 6.367 6.770
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One can also enter the model life tables' system with lqO, which is more valuable
for showing the difference in the structure of mortality below age 5. lqO is .22821
for males and .20181 for females. Using the same values in the different regions
one obtains the results shown in Table 1.4.
Even with the same level of infant mortality, it is evident that the relationship
of infant to child mortality is very different in Ngayokheme. The South region is the
only one to have a ratio of 4ql/lqO close to l~ but it is still far from the value
observed in Ngayokheme, 1.55 for both sexes combined.
Ledermann model life tables:
The comparison with Ledermann's model life tables (Ledermann, 1969) has also been
disappointing. This system allows one to enter the life tables through seven single
values or three sets of values (see Table 1.5). Theoretically, it yields the best
predicted values of quotients for a given entry. It also §ives the interval of confidence
in multiplicative terms. Table 1.5 shows that none of the network approaches the structure
of infant and child mortality in Ngayokheme. The ratio 4q~/lqOnever exceeds 1.027,
which is far from the observed value of 1.55.
Observed values 1Qo = 212.44 4Q1 = 328.98 (both sexes combined).
TABLE 1. 5: Cill1PARISONOF lqO AND4q1 IN NGAYOKHEMETO LEDEro MODELLIFE TABLES
Multiplicative confidence
lqO 4ql 4ql/lqO
interval (K)
Net-work Entry value 1QO 4q1
100 e = 30.705 263,08 258.02 0.981 1.435 1.6750
101 sqo = 528.47 301.40 304.76 1.011 1.229 1.635
102 lQo = 212.44 212.44 152.29 0.717 1.000 2.234
103 lSQo = 519.91 264.88 252.25 0.952 1.280 1.547
104 20Qf30 = 104.10 75.55 29.51 0.391 1. 792 2.278
105 20Q4S = 341.20 120.96 66.10 0.546 1.895 3.105
106 MSO+ = 46.34 100.40 48.27 0.481 3.031 3.617
1 sQo and 20Q45 297.61 301. 79 1.014 1.231 1.634
f
2 lSQo and 20Q 30 282.63 234.00 0.828 1.264 1.533
3 lSQo and m50+ 254.13 261. 02 1.027 1.270 1.S48
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Use of Brass standards
Brass (1971) developed the logit system using two parameters, the intercept (or
level of mortality) and the slope (which determines the relationship between child and
adult mortality). Results of plotting the logits observed in Ngayokheme and logits
of the general standard are shown in Figure 2. The function is far from linear below
age 10, indicating much higher mortality in Ngayokheme. Recently, Basia Zaba (1979)
has developed a 4-parameter legit transformation that permits a better fitting from
values of the survivor function at age 1, 25, 50, 55, 65 and 75 years. It gives the
ability to "curve" and to "twist" the standard and fits better when there are
deviations in infancy and at old ages. One computes a new standard from which a life
table can be fitted by a 2-parameter logit linear transformation. Results of the trial
of this method with the African standard were also disappointing.
The new standard fits better than the original African standard after age 10 and
the accuracy of the "gooGneaa of fit" is perfectly acceptable after this age. But even
the new standard is completely unable to fit infant and child mortality.
1.3 OTHER EVIDENCE OF EXCESS ~~)RTALITY IN LATE INFANCY AND EARLY CHILDHOOD
Even if detailed data of infant and child mortality are rare, some of them in
different parts of the world show a relatively similar pattern, at least a rise in the
force of mortality in the second half of the first year of life.
The Gambian village of Keneba
In a nearby region of the Gambia there has also been a continuous observation of
children over a period of 25 years. This other population laboratory conducted by McGregor
(1979) recently published the results of the 1951-1975 period that allow one to compute
a table on infant and child mortality. Table 1.6 gives the results of this computation
and Figure 3 shows the comparison with Ngayokheme. The general patterns are similar.
The test of significance for the second peak at ages 30-36 months is also positive
(level of significance = .999). One can see, however, small differences between
the two patterns: (a) Keneba has a lower mortality between ages 18 and 30 months, but
higher after 36 months. Both differences are significant at the 95% level; (b) a higher
value for the death rate in Keneba during the first month. But it should be kept in mind
th~t in Ngayokheme only the month of death is accurately recorded by the enumerator.
Therefore, there is no reason to have much confidence in the death rate for the first
wonth. It has been computed using the only information available, i.e. the proportion
e: children dying within the same month that they were born or within the following
month. In the case of Keneba, dates seem to be known with the accuracy of the day.
Furthermore, there is some possibility of underreporting of those births that are followed
by an early death, as in Ngayokheme, since death rates at 0-3 months are significantly
lo~er in the latter area (at 99% level). Even if this does not provide absolute proof
of underreporting, since the pattern could be different, the similarity of levels and
general pattern in both surveys tend to indicate that neonatal mortality is under-
e~timated in Ngayokh~me. Moreover, the follow-up of pregnancies conducted in Niakhar,
1964 (Cantrelle, 1969) shows that neonatal mortality was underestimated by 41.9% during
the first years of the survey. This is mostly due to the fact that children are given a
n~me only one week after birth and that prior to baptism they are virtually non-existent;
then deaths during the first week tend to go undeclared by the family except if the
pregnancy was previously recorded. But since 1964 enumerators are better trained; they
~re aware of this bias ~,d record systematically all pregnancies at the time of the
survey. Thus, this can be taken as an uppermost limit of underestimation. Even
assuming so, thiswould lead to an underestimationof 12.85% for Q(l) and of 5.79% for
10
FIGURE 2: LOGITS OF THE GENERAL STANDARDAND OF L(x) IN NGAYOKHEME
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TABLE 1.6 INFANT AND CHILD MORTALITY FOR BOTH SEXES IN KENEBA, 1951-75
Observed Life table values
Deaths
Probabilityof Survivorsto in Person years
Age- dying in inter- beginningof inter- Cumulative lived in
Person specific val if child Probability intervalof val of deaths to intervalof
years death survives to of surviving 100,000 100,000 beginning 100,000
lived Deaths rate beginning interval births births of interval births
PY(X) D(X) M(X) Q(X) P(X) L(X) D(X) DD(X) LL(X)
67.2 80 1.19031 0.90249 0.90751 100000 9249 0 7769.8
129.7 14 0.10797 OwO1783 0.98217 90751 1619 9249 14990.6
189.3 28 0.14795 0.03632 0.96368 89132 3237 10868 21878.4
180.6 41 0.22699 0.05518 0.94482 85895 4740 14105 20881.3
170.0 44 0.25882 0.06268 0.93732 81155 5087 18845 19652.9
160.5 32 0.19938 0.04863 0.95137 76068 3700 23932 18554.5
152.9 29 0.18970 0.04633 0.95367 72368 3353 27632 17672.8
146.0 26 0.17808 0.04355 0.95645 69015 3006 30985 16878.0
140.9 15 0.10648 0.02627 0.97373 66009 1735 33881 16285.4
137.1 15 0.10939 0.02698 0.97302 64274 1735 35726 15851.6
134.0 10 0.07463 0.01848 0.98152 62539 1156 37461 15480.3
129.6 25 0.19286 0.04708 0.95292 61383 2890 38817 14984.5
124.4 17 0.13668 0.03360 0.96640 58493 1966 41507 14777.5
239.5 20 0.08351 0.04090 0.95910 56527 2312 43473 27685.5
230.3 17 0.07383 0.03625 0.96375 54215 1966 45785 26816.0
223.3 11 0.04927 0.02434 0.97566 52249 1272 4775~ 25806.5
218.5 8 0.03661 0.01814 0.98186 50877 925 49023 25257.3
2773.6 432 0.15575 0.49948 0.50052 50052 49948 49948 320632.8
SUMMARY BY YEARS OF AGE
Exact age interval Rate
(years) M(X)
0-1 0.28098
1-2 0.16996
2-3 0.12762
3-4 0.07878
4-5 0.04302
1-5 0.11049
Person years lived
by those who die
A(X)
0.38045
0.43385
0.53917
0.47979
0.46053
1.35501
.....
.....
Probability
Q(X)
0.23932
0.15505
0.12053
0.07568
0.04205
0.34201
1.000
0.100
0.010
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FIGURE 3 : AGE SPECIFIC DEATH RATES, BOTH SEXES COMBINED,
NGAYOKHEME 1963-73, KENEBA 1951-75
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Q(5). These figures would be somewhat closer to those of Keneba, although the ratio
of 4Ql/lQO would be smaller (1.372 corrected figure in Ngayokheme, 1.429 in Keneba),
which indicates that this correction is likely to be overestimated~ However, mortality
in both villages is very similar when the comparison is done by broader age groups:
TABLE 1.7: COHPARISON OF DEATH RATES IN NGAYOKHEHEAND KENEBA (RATES /1000)
Obviously none of these differences is significant at 95%. The mortality of both
zones is essentially the same, especially in the relationship between infant and child
mortality as well as in the structure of mortality below and after age 10, despite small
differences in the death rates between ages 0 and 5.
The mortality situation in West Africa seems to be very peculiar in comparison to
the rest of the world. The U.N. Demographic Yearbook gives the lowest figures in life
expectancy for West Africa. Consequently it is not suprising to see this very high
infant and child mortality despite a relatively low adult mortality. But other
developing countries also show outstandingly high mortality at ages 0 to 5, especially
in rural areas.
Gordon et a1. (1967) did an extensive review of the literature concerning mortality
in the second year of life. They remark that "for the combined four years of early child-
hood, numbers of deaths in less developed regions often exceed one half of infant
mortality; they sometimes equal deaths of the first year and occasionally they are
greater. This feature is in marked contrast to the situation in industrial areas where
deaths in the preschool years amount to about 15% of those in infancy." Note that
the same number of deaths at age 0 and ages 1 to 4 leads to a ratio 4ql/lqO greater than 1.
The Khanna study, Punj~b (Ind1a)
Another example of a rise in the force of mortality during late infancy can be found
in Punjab (Wyon and Gordon, 1971). These data are known to be very accurate. They
were collected by a follow-up survey of the population by monthly visits to households.
Table 1.8 gives death rates for 3 different castes in India and a comparison with
Ngayokheme.The resultsarealsoshownin Figure4.
Age interval NGAYOKHEME KENEBA Significance level
(years)
---
of difference (%)Rate (Dea ths) Rate (Dea ths)
0 241.3 (487) 249 .0 (245) 35
1-4 107.5 (455) 105.2 (269) 24
5-14 8.5 (119) 6.6 (31) 75
15-29 6.2 (71) 7.2 (35) 53
30-44 11.5 (79) 9.7 (32) 58
45-59 16.7 (81) 19.8 (41) 63
60+ 62.4 (249) 58.0 (60) 40
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TABLE 1. 8 : COMPARISON OF DEATH RATES FOUND IN THE KHANNA STUDY AND IN NGAYOKHEME
Source: Wyon and Gordon, 1971.
Note that every caste has an increase in the force of mortality in late infancy. However
the Jat caste seems to peak at ages 12-17 rather than 6-11; but since data are not given
in single months it is difficult to make any conclusive statements at this point. What
is striking in this table is the similarity of the patterns of the Chamar caste (the
lowliest in this region: they are leather workers) and Ngayokheme, during infancy and
early childhood. An important difference is that mortality declines fast after 18
months in Punjab, instead of staying at approximately the same level as in Senegal.
Mortali~ among Bolivian migrants ~o the Amazonian zone
Another example of very high mortality in childhood can be found in Bolivia. Weil
(1979) has studied a community of farmers who recently settled in the tropical part of
Bolivia. They give death rates by age groups, computed from retrospective questions:
lqo = 0.188
4ql = 0.256
4ql!1 qo = 1.36
nb of deaths
(38)
(42)
They note that this pattern is peculiar to this region and does not appear in other
parts of Bolivia. This community comes from higher parts of Bolivia and they are
certainly not used to this type of climate. Furthermore, they show some indications of
malnutrition.
Did a similar pattern also exist in Europe?
A study in the region of Dombes, France, showed some similarity with the West
African pattern. Bideau (1979) studied several parishes around Saint T~ivier en Dombes
(1730-1869). Saint Trivier was surrounded by a very unhealthy marshland. Malaria and
many waterborne infectious and parasitic diseases were highly prevalent at that time.
Bideau showed that deaths at ages 1 to 4 were concentrated at the end of the summer.
The number of deaths in September was four times as great as in May and June and twice
as high as in December, January, February and March. The age pattern of mortality
showed that in several periods 4ql was higher than lqO, though this was not true for
all periods.
Death rates Jat Chamar Other Ngayokheme
per 1000 caste caste caste 1963-73
0 - 27 days 800.3 1252.4 1103.9 821.5
1 - 5 months 53.3 89.1 68.0 116.3
6 - 11 months 71.1 208.0 151.9 244.2
12 - 17 months 93.9 156.3 91.6 192.7
18 - 23 tI 32.3 71.3 42.1 192.8
24 - 35 tI 20.9 36.1 104 130.8
1.000
0.100
0.01~
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FIGURE 4 : AGE SPECIFIC DEATH RATES, IN SIX MONTHAGE GROUPS,
FOR THREE SUB-GROUPS IN PUNJAB AND NGAYOKHEME
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TABLE 1.9 INFANTAND CHILDMORTALITY IN SAINT TRIVIER (PER 1000)
Time lqo 4ql 4Ql/lQo
1730-39
1750-59
1770-79
All
361
:l49
348
314
332
325
367
339
0.92
1.31
1.05
1.08
Source: Bideau, 1979.
In 1786, 694 inhabitants were living in the village of Saint Trivier. Data were carefully
analyzed and corrections for migrati~ns were done. Although the evidence is still weak,
due to the small number of deaths, it is very likely that this pattern shows some
similarity with the Senegalese data (see discussion of seasonality below). However,
the ratio 4Ql/lQO seems to be lower in Saint Trivier than in Ngayokheme and the pattern
closer to a South pattern than to the West African one.
SUMMARY
We have seen that the age pattern of mortality observed in rural West Africa is very
far from the average experience in Europe. Cantrelle (1974) gives a comparison with
historical data from Brittany and Anjou, 1740-1820, and finds that the two age patterns
of mortality are radically different.
This brief review allows one to distinguish several shapes of the force of mortality
between ages 0 and 5:
1.
2.
monotonic decline (general experience);
one peak in late infancy-early childhood, then monotonic decline (some
developing countries);
two peaks, one in late infancy and the other at the end of the third
year of life, then monotonic decline, with only a small decline from ages
12 to 36 months. (two examples in rural West Africa).
3.
Since very little is known about mortality in developing countries, especially in
rural areas and particularly in tropical Africa, it is very likely that new patterns
of mortality will appear when new data become available. We will see in part 3 that
the number of significant causes of death is so large that one can expect a wide range
of age patterns of death rates in infancy and childhood. The need for accurate data and
data sets large enough to be significant at a demographic level is very pressing
(Cantrelle, 1974).
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The knowledge of the exact pattern of infant and child mortality has important
theoretical consequences. Evidently, the use of model life tables can give absurd
results when inappropriately applied. Bourgeois-Pichat (1962) and Ledermann (1959)
have tried to reduce the 18 5-year group quotients of mortality to 5 factors, using
multivariate analysis methods. (See also Josiane Duchenes, unpublished Ph.D. dissertation,
Universite de Louvain la neuve, 1980). Interest in the method is great. However, the
approach is principally useful if the force of mortality can reasonably be assumed to be
monotonic in each age group~ We have seen that this is not the case between ages
0 and 5, and probably also not for young adults. Thus, it is likely that the 18 3-month
death rates between ages 0 and 5 could be reduced to a smaller number of dimensions, but
certainly not to the 2 lqo and 4ql alone.
PART 2: SEASONALITY OF DEATHS AND AGE PATTERN OF MORTALITY
As it is often the case in countries where diarrhea and other parasitic diseases
are highly prevalent, most of the deaths of children occur during the rainy season, which
is the summer in Senegal. 53.5% of all deaths ages 0 to 5 years are concentrated in
August, September and October (see Table 2.1). This leads to a relative risk of death
of 1.95 during these three months, with a peak in October, where the relative risk is
3.04 (the relative risk of, say, October is defined as the ratio of the probability
of dying in October to the probability of dying in any month but October). This strong
concentration of deaths during the rainy season, which usually begins in early July and
ends in late October, has consequences for both the average pattern of mortality of all
cohorts combined and the pattern of mortality of seasonal birth cohorts.
TABLE 2.1: DEATHS AT AGES0 TO 5 YEARS BY MONTHOF DEATH, NGAYOKHEME63-73,
AMONGBIRTHS OBSERVED IN THE ZONE
Month Number % Re1a tive risk
.
January 34 3.6 0.41
February 31 3.3 0.37
}larch 38 4.0 0.46
April 47 5.0 0.58
May 44 4.7 0.54
June 48 5.1 0.59
July 58 6.2 0.72
August 110 11. 7 1.45
September 190 20.2 2.78
October 204 21.7 3.04
November 65 6.9 0.82
December 73 7.7 0.92
All 942 100.0 1.00
Relative Risk = number of deaths number J/Average number of deaths of other month
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2.1 SEASONALITYOF DEATHS AND AVERAGE PATTERN OF MORTALITY
To estimate the impact of the concentration of deaths on the age pattern of
mortality, we have simulated it in the following way; one first assumes a regular pattern
of mortality, which for convenience we have taken as:
- strong decline at ag~s 0 to 5 months (as observed);
- log-linear increase at ages 6 to 11 months;
- log-linear (sm3ll) decline ~t ages 12 to 35 months;
- log-linear (strong) decline at ages 36 to 59 months.
Velues fit roughly the age pattern observed in Ngayokheme. Log-linear decline or increase
has been fitted by regression on observed values. This will be the age pattern of
E~rtality in a cohor~ of births equally distributed along the year if the risk of death
were equal, whateve~ the ce[Gon. Now we can compare it to the mortality that a set
of 12 monthly cohorts of births would have, equally distributed along the year, but
who experience a riak of reortality equal to Q(a)*K(m), where Q(a) is the probability
of dying at age a (in mont3s) and K(m) iG the absolute risk of death computed as the
ratio of deaths in ~onth m to the averG8e number of deaths over the year. The absolute
risk of death is strongly ~alated to the relative risk; the relation is: AR = l2*RRI
(ll+RR). For this ~!e have computed 17 life tables, one for each monthly cohort; then
~6gregating the deaths by ~ge we have computed a life table for all cohorts combined.
R~sults appear in Figure 7 (see page 33 ). The average pattern of mortality is only
slightly affected by the c~asona1ity of deaths, but it is of interest to note that the
upper twists G1ven ~o the ~urve occur at the same points where peaks are located on the
observed curve, i.e. at ages 18-21 mon~hs and 27-33 months. The seasonality of deaths
in itself certainly does ItJt explain r-u~h of the age pattern of mortality in Ngayokheme,
but it still has a small i~pact and reinforces the waves we have observed.
2.2 SEASONALITY OF DEATHS AND MORTALITY OF SEASONALBIRTH COHORTS
If the impact of the strong concentration of deaths is ~mall on the average, it is
in contrast very dram3tic on seasonal birth cohorts. We have computed directly, using
the proportional hazard model of Cox (1972), the relative risk of death by monthly birth
cohorts and 6 month age groups, This ~odel allows one to compute relative risks from the
survivor function of each birth cohort; it assumes a constant relative risk over the age
interval and giveg better levelsof significancewhen numbers are small. Resultsappear
in Table 2.2. For instance children born from April to October have much higher death
rates at ages 0 to 6 months than others but much lower death rates at 6 to 12 months
because deaths occur mostly during the winter. This pattern of waves of mortality
repeats itself for subsequent age groups up to 36 months, though figures soon become too
small. For better tects of significance a regrouping has been done for those children
born from April to September and those born from October to March. These two groups
have totally different age p~tterns of mortality from one another (see Figure 5 and
Table 2.3); when one peaks (summer), the other is down (winter). The peaks are extremely
clear up to 36 months, after which the decline ~n the force of mortality is too strong
and the seasonal pattern seems to disappear.
TABLE 2.2: RELATIVE RISKS OF DEATH BY AGE AND MONTH OF BIRTH.NGAYOKHEME, 1963-73, BOTH SEXES,
BIRTHS OBSERVED IN THE ZONE
Age in months.
Relative rise of month January = death rate if born in January/death rate if not born in January.
*Significant at 90% level.
**
Significant at 95% level.
***
Significant at 99% level (one tail test).
.....
\0
Age/Birth January February March April Hay June July August September October November December
0 - 5 0.593 O.791 0.606 1.256 1.408** 1.86** 1.56* 1.87S** 1.448** 1.437** 0.772 0.955
*** ** **
1.680*** 2.025***6 - 11 2.072 1.478 0.656 0.472 0.490 0.281 0.324 0.300 1.238 1.394
0.333 0.682
***
1. 566 **
***
12 - 17 0.552 0.882 0.997 1.301 1.848 1.890 1.340 0.770 1.002
** ***
18 - 23 1.770 1.039 2.113 0.75'. 0.088 0.246 0 .750 0.796 0.965 1.254 1.241 1.350
*** ***
24 - 29 0.655 0.474 0.306 2.318 2.650 1.557 0.858 0.486 0.952 1.143 0.684 0.370
***
1.337*30 - 35 1.004 0.637 2.343 0.541 1.001 1.162 1.205 0.291 1.556 .0..915 0..348
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TABLE 2.3 DEATH RATES BY 6 MONTHS AGE-GROUPS AND SEASON OF BIRTH, NGAYOKHEME, 1963-73,
BIRTHS OBSERVED IN THE ZONE (1000)
Summer - April to September; Winter = October to March.
This provides a better understanding of what is going on at the overall level.
Between 0 and 6 month mortality declines rapidly as usual. After 6 months, children
born in winter have a first onslaught of infectious and parasitic diseases (this is the
end of the passive immunity period), which explains the rise in the force of mortality
for all births combined. Then the force of mortality remains high, because as soon as
children born in winter proceed to a safer period, the mortality of those born in summer
peaks in turn, and then 6 months later the cycle starts again. Note that children born in
winter have higher peaks because they reach the high-risk period at younger ages than those
born in summer. Note also that something is going on between 30 and 36 months: both
curves are increasing when one would expect death rates of children born in summer to
decline. Billewicz and McGregor (1981) also find the same pattern of seasonality of
deaths in Keneba.
2.3 CONCLUSION
Seasonality of deaths appears as an important factor of the age pattern of
mortality. Winter and summer birth cohorts have a completely different experience in
age-specific death rates. At the aggregate level however, since monthly birth cohorts
are roughly of the same size, the strong concentration of deaths during the summer has
only a small impact on the average pattern of mortality. High death rates between 6
and 18 months can easily be accounted for in the high mortality of the first rainy
season after the end of the passive immunity period (see below), but the major feature
of the age pattern of mortality in Ngayokheme remains unexplained, i.e. why are death
rates at ages 18-36 months so high whereas in other countries the force of mortality
declines so dramatically after the first birthday? In fact each child experiences.
three consecutive rainy seasons with a high risk of death before his/her probability of
dying starts to declinedramatically. But why do childrenin other parts of the world
seem to resist well the second and third onslaught of infectious and parasitic diseases
when children in rural Senegambia appear not to? We will try to give some elements of
the answer to this questionin part 3.
Age (month) Born in summer Born in winter All Summer/Winter
0 - 5 307.95 179.46 241.46 1.716
6 - 11 137.64 344.48 244.24 0.400
12 - 17 242.83 141.02 192.68 1.722
18 - 23 117.17 264.22 192.81 0.443
24 - 29 170.86 76.86 123.51 2.223
30 - 35 124.89 152.87 139.41 0.817
36 - 41 85.01 51.55 68.53 1.649
42 - 47 52.93 44.74 48.73 1.183
48 - 59 16.58 16.01 16.29 1.036
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FIGURE 5 : AGE SPECIFIC DEATH RATES BY SEASONOF BIRTH,
NGAYOKHEHE 1963-73
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PART 3: ANALYSIS OF THE POSSIBLE FACTORS PRODUCING HIGH MORTALITY IN LATE INFANCY
AND EARLY CHILDHOOD
3.1 FRAMEWORK OF ANALYSIS
Outside of genetic factors and public health intervention four basic factors can
have an impact on the age pattern of mortality between ages 0 and 5:
- breastfeeding pattern;
- nutrition;
- epidemiological environment;
- cultural factors--practices in
awareness.
child care and hygiene, level of knowledge and
All these factors have direct or indirect impact on the nutritional and immunological
states of the child, and age of child interacts with all of these variables. One can
add any combination of two or more of these basic factors as a specific factor in the
sense that the effect of any combination of the basic components can have a much
different impact on mortality than the sum of the single components. Since these factors
act directly at different levels, we can propose the following framework for the
analysis of the determinants of mortality between ages 0 and 5 years:
11ECHANISM FACTORS
&
AGE ~
---:>
EXPOSURETO RISK~ -
OF INFE~-" ~ --
NUTRITIONAL~ IMMUNOLOGICAL
STATE'-=- STATE
\~ . ::::::. (vaccination immunization)// ~ (genetic factors)~. - diet, child care
l'10RTALITY
disease environment
cultural factors
breastfeeding
The different factors and combinations of them vary in intensity with age,
producing the age pattern of mortality. Note that this framework excludes accidents.
Only a small proportion of deaths at ages 0 to 5 years is due to accidents. The Sine-
Saloum survey gives less than 1%. The level of child care probably affects mortality
due to accidents.
Let us now summarize some of the effects of these factors that are of relevance in
explainingthe age patternof mortality in Ngayokheme.
--_n ----------- n -- - -- - - - -- - - -- --un
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3.2 BREASTFEEDING: 11EDICAL EVIDENCE
Breastfeeding provides an adequate diet for the new born for at least six months.
Researchers often find that in developing countries the increment in weight of children
is perfectly acceptable from age 0 to 6 months (see for instance McGregor 1967, 1968,
1976; Mata, 1978). Only after this period does the weight curve fall considerably
lower than the stand~rd for developed co~ntries.
But human milk contains also many antimicrobial resistance factors that can play
an important role against infectious and parasitic diseases, especially gastro-intestinal
and respiratory diseases because particles of milk may be inhaled by small infants during
the process of swallowing. For more details, see, for instance, the review by Chandra
(1978). Breastfeeding is also known to have an important impact on post-partum
~-:~,s'!l~=r:~c3.,thus on birth intervals and indirectly on the health of the child
(Cantrelle and Leridon, 1971; Huffman, 1978; Ayagande, 1978; Puffer and Serrano, 1975).
But how does this affect the age pattern of mortality?
3.3 BREASTFEEDING AND MORTALITY: THE DELAY EFFECT
One has to be careful when analyzing the relationship between duration of breast-
feeding and ~orta1i~y at an individual level since there is a selection effect: women
tend to breastfeed longer those children who seem to be weaker or sick. At an aggregate
level the statistical effect of breastfeeding is c1ear--chi1dren breastfed for long
periods have ~uch 10~er Eorta1ity than others (Knodel and van de Walle, 1967; Cantrelle
and Leridon, 1971; Knodel, 1977; Plank and ~~lanesi, 1973). A regression line based
on 108 Bavarizn districts gives a red~ction of 21/1000 in Il1Rwhen percentage of mothers
who breastfeed increases by 10%. 100% breaatfeeding would have given an IMR = 0.148
and no breast~eeding an IMR = 0.355, 2.25 times as high (Knodel, 1977).
On the other hand, the p~riod of weaning usually has higher mortality (Cantrelle
and Leridon, 1971; see also the review of the effects of weaning by Winikoff, 1980).
Winikoff argues that the weaning p~riod has a higher risk of mortality for several
reasons, mostly because of the loss of immunological protection from breast milk
and inadequate wean~ng food. :t is difficult to measure the higher mortality after
weaning. Mortality begins to rise after age 27 months in Ngayokheme, until age 36 months.
Since weaning occurs on average at age 24 months and is highly concentrated around
this age, it is very tempting to attribute this second peak of the mortality "fiunction
to the loss of the mother's milk's protection potential after weaning. Assuming that,
everything else being equal, the force of mortality would decline log linearly after 24
months as it does between 12 and 24 m~nths if there was no weaning, we can estimate the
excess of mortality du~ to weaning by the ratio of observed to expected values from the
trend in death rates at ages 12 to 24 months. Under this hypothesis one finds an
excess mortality of 53% at ages 33-36 months in Ngayokheme and 160% in Keneba.
Obviously these valu~s are strongly affected by random fluctuations due to small numbers.
Furthermore this cannot be considered as a general effect of weaning, since it is
relative to the epidemiological and £ocio10gical environment. Higher mortality after
weaning is not found in countries where the diGc~se environment and the level of care
are much more favorable to the child; a rise in the force of mortality is possible
only if it is relatively flat and not if it declines strongly.
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Knodel and Kintner (1977) present another way of showing the statistical effect
of breastfeeding on mortality using the biometric analysis of Bourgeois-Pichat. This
technique (Bourgeois-Pichat, 1946, 1951) consists of plotting the cumulated deaths by
age in a Log3 scale of age: Log3(n+1), where n is the age in days. The normal pattern
observed in many but not all countries is a straight line between ages 0 and 12 months,
and often the line can be prolonged until 5 years. But populations where children are
breastfed for a long time show lower than expected level of mortality before 6 months
and higher mortality thereafter, whereas non-breastfeeding populations show the
opposite. Figure 6 gives the cumulated deaths observed in Ngayokheme and in Keneba on
the Bourgeois-Pichat scale. The distribution for both sexes combined is given since
the differences between sexes are very small. One can see that both curves have a late
breastfeeding shape after age 6 months. This higher slope ends at around age 3 years.
After this age the curves show a more regular pattern.
In conclusion, we can say that breastfeeding plays an important role in determining
the age pattern of mortality in infancy and childhood. Prolonged breastfeeding seems to
have a general "delay" effect by making mortality lower in the first half of the first
year of life and concentrating deaths later on, with a higher risk period after the mean
age at weaning. The breastfeeding pattern prevalent in Ngayokheme with prolonged
lactation and concentration of the age at weaning can explain at least part of the
rise of the force of mortality after 6 months and probably also the rise during the
third year.
3.4 NUTRITION
The effect of nutrition on mortality is also well documented (Ascoli et al., 1967;
Puffer and Serrano, 1976a; Morley, 1968; Monckeberg, 1970). Nutrition has a double
effect. It acts before and after birth, i.e. through nutrition of the mother during
pregnancy and then through nutrition of the child after birth.
Before birth: nutrition of the mother is known to have an impact on birth
weight,i.e. malnourished women usually have children with low birthweight, which is
correlated with subsequent higher risk of mortality. But the effect of low birth weights
on the age pattern of mortality is not known. Birth weights average 2.8 Kg in Keneba
and 3.0 in Toukar, a village close to Ngayokheme. Extensive studies of growth of
children show that in Keneba children gain weight very fast after birth, even faster
than English children (see Thompson et al., 1968; McGregor 1967,1970). Then we cannot
expect any important effect of birth weight.
After birth: nutrition of the child has been shown to have an important impact on
mortality. Two deficiencies are recognized to have a strong impact, (a) deficiencies in
daily intake of calories and (b) deficiencies in protein. Since deficiencies affect
children more than infants, they can have an impact on the age pattern of mortality
(see Weil, 1979; or Winikoff, 1980). The role of fat deficiencies is likely also to be
impQrtant (Kardjati, 1978). Gordon (1967) concluded that the most important factors
contributipg to high mortality in early childhood are deficiencies in animal proteins,
daily caloric intake and fats. He argued that the total amount of protein has less
impact.
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FIGURE 6 CUMULATED DEATHS IN THE BOURGEOIS-PICHAT SCALE
NGAYOKHEME 1963-73, KENEBA 1951-75
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McGregor and researchers working i n  Keneba have carr ied out several  s tud ies  of 
nu t r i t i on  among young children. They did not f ind evidence of energy deficiency i n  
the d i e t  but they observed some evidence of animal protein deficiency. Cow milk is 
i n  short  supply in Keneba and f i s h  i s  not widely used, though qui te  abundant. Our 
f i e l d  experience a l so  showed tha t  cow milk and f i s h  a r e  seldom eaten i n  Ngayokheme. 
McGregor concluded t h a t  severe malnutrition, when i t  ex i s t s ,  i s  more l i ke ly  t o  be the 
consequence ra ther  than the cause of i l l ne s s .  It has been observed during follow-up 
surveys tha t  children who died were not appreciably l igh te r  o r  shorter at t he i r  l a s t  
examination than those who survived (see McGregor 1961, 1967, 1968; Whitehead, 1977). 
Therefore, malnutri t ion i n  i t s e l f  cannot be considered a s  an important determinant of 
the age pat tern of mortali ty,  observed i n  Ngayokheme, though animal protein deficiency 
cer ta in ly  plays a r o l e  i n  high child mortali ty,  a s  i s  common i n  many developing countries.  
3.5 THE ROLE OF INFECTIOUS AND PARASITIC DISEASES 
Many surveys have been conducted i n  order to  analyze the medical causes of death 
among infan ts  and children. For West Africa we can c i t e :  McGregor (1961, 1970, 1979); 
Payet e t  a l .  (1967); Wilkinson (1969); and Morley (1968). To summarize b r i e f ly ,  the  
most common infect ious  and paras i t i c  diseases i n  West Africa seem to  be: malaria, 
diarrhea,  measles and whooping cough, plus some respiratory diseases l i k e  pneumonia, 
bronchit is ,  and respiratory tuberculosis. L i t t l e  is known about the exact age pa t te rn  
of these diseases during infancy and childhood or  the r e l a t i ve  importance of each of 
them. Measles and whooping cough of ten appear a s  major k i l l e r s  during epidemics, but 
can remain v i r t u a l l y  nonexistent for  many years (McGregor 1979). One epidemic of 
measles k i l l ed  22% of the children l e s s  than 5 years of age i n  Keneba i n  l e s s  than two 
months. Wilkinson, i n  a survey of 10,000 admissions to  a Sierra  Leone hospi ta l ,  gives 
pneumonia a s  the leading cause of death, followed by diarrhea,  malaria and malnutrition. 
But i t  should be kept i n  mind tha t  admissions t o  hospi ta ls  a r e  not representative of 
the whole population. Payet e t  a l .  i n  ru ra l  Senegal give malaria and measles a s  the  
two main k i l l e r s  of children a t  ages 0 t o  5 years. Morley e t  a l .  i n  Nigeria emphasize 
the ro l e  of measles, whooping cough and diarrhea; they argue tha t  malaria has a small 
ef f e c t  on postneonatal mortali ty.  
There i s  no accurate record of causes of death i n  the Sine-Saloum survey. However, 
the  enumerators ask for  the symptoms of death from the mother i n  the case of a chi ld  
death. Some of these symptoms and even some diseases a r e  easy to  recognize (diarrhea,  
malaria- fevers, measles, respira tory diseases) and give a good idea of the r e a l  causes 
of deaths (see Table 3.1). 
For ages 0 t o  5 years combined, malaria and fevers account for  37.8% of deaths. Then 
come diarrhea,  22.5%; respiratory diseases, 10.2%; and measles. 5.8%. Diarrhea is 
the leading cause of death during the th i rd  year. Malaria and fevers a r e  the leading 
causes of death from ages 12 to  24 months. Note a lso the strong impact of respiratory 
diseases and measles and the prevalence of emaciation-marasmus which indicate  the 
synergis t ic  e f f e c t  of infect ion and malnutrition. Malaria and fevers seem to  peak a t  
ages 6 t o  11 months. Measles do not show any typical  heaping. Among the 65 deaths ages 
30 to  36 months, 21 a r e  due t o  diarrhea, 14 to  malaria and fevers,  9 t o  measles, 4 t o  
respiratory diseases and 17 to  other and unknown, including 3 tha t  a r e  a t t r ibu ted  to  
emaciation. 
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TABLE 3.1: SYMPTOMS OF DEATH AS DECLARED IN NGAYOKHEME, CHILDREN AGE 0 TO 5
BOTH SEXES
- Malaria and fevers include:
- Respiratory diseases include. ~
whooping cough (7).
- Diseases of early infancy include: 27 cases declared as still birth by the mother.
- Other includes: accidents (2), leprosy (1), meningitis (3), crisis (7), sores and
pimples (13),local abscess (3), distension of body (3), sudden death (3), ganglio
oreillous (3), marasmus (17), emaciation (17), mouth ache (6), crick (1),
throat ache (4) stomach ache (7), swollen belly (4), constipation (1), eating
ground (1), natural death (1), others (4).
malaria (29), hot body (94), headache (22), fevers (146).
cough-TB (11), chest ache (52), flu, cold (11),
Each country and each region of a country has a disease environment that is to some
extent unique, and it is impossible to do useful comparisons at this level of knowledge.
Furthermore, one has to remember that these diseases can interact. Mata (1978) gives
an idea of the heavy burden of onslaughts of infection that a child in rural Guatemala
receives: some twenty infections in the first year, and about one infection every
month during the second and third year of life. These are probably higher figures
than in Europe in the 19th century, but accurate comparisons are impossible. The study
in Guatemala cannot be appropriately compared to the conditions of life in tropical Africa,
since the Guatemalan survey was conducted in the mountains. But what remains clear from
the Senegambian environment is the importance of malaria (see 3.7 below).
3.6 THE SYNERGISTIC EFFECT OF NUTRITION AND INFECTION
Scrimshaw (1968) gives a complete review of the so-called synergistic effect of
malnutrition and infection, with the medical aspects and their impact on mortality
(see also Gordon, 1967; Ascoli, 1967; Mata, 1974; Winikoff, 1978). Note that
malnutrition, though very frequent, is not always synergistic with infection. Inanition
is not synergistic with some viruses and protozoa. Deficiencies in vitamin Band D
can be antagonistic in certain cases. But fatality rates, i.e. number of deaths for
children having the disease, are much higher for severe diarrhea, respiratory diseases,
measles and whooping cough among malnourished children than among the well nourished.
Age (month)
Symptom 0 1-5 6-11 12-17 18-23 24-29 30-35 36-59 All
Halaria fevers 10 35 109 46 46 18 14 13 291
Diarrhea 1 13 32 25 38 25 21 10 165
Respiratory disease 2 16 25 18 8 4 4 4 81
Measles 0 3 10 7 7. 4 9 6 46
Disease of early
.
infancy 121 1 1 0 0 0 0 0 123
Other 3 4 15 26 6 8 12 11 85
Unknown 20 31 35 25 17 8 5 10 151
All 157 103 227 147 122 67 65 54 942
We w i l l  see  below tha t  a  t h i rd  fac tor ,  the leve l  of child care,  can also in t e r f e re  with 
the synergis t ic  e f f ec t .  There is much evidence tha t  the synergis t ic  e f f e c t  i s  more 
common among toddlers than infants  (see, fo r  instance,  the review by Gordon e t  a l . ,  1967). 
A cruel  experience i s  reported by Mackay (1974), when analyzing the e f f ec t s  of c i v i l  war 
on the heal th  of a  r u r a l  community i n  Bangladesh. He studied the population of a  tea  
e s t a t e  before and a f t e r  the c i v i l  war. During the war the food supply declined sharply 
and the prevalence of infect ious  and pa ra s i t i c  diseases increased, but the impact on 
mortali ty was much higher among children aged 1 to 4  years ( r a t i o  of 1:3.8 before and 
a f t e r )  than on infan ts  (1:1.8). He noted a l so  a  subs tan t ia l  increase i n  maternal mortality 
1:2.6).   The main increase i n  causes of deaths for  a l l  ages was i n  diarrhea and other 
gastro- intes t inal  infect ions ,  respiratory diseases, pneumonia and tuberculosis, malnutri- 
t ion and anemia. The population, averaging 40,000 inhabitants and followed over 7  years, 
gives s ign i f ican t  r e su l t s .  
Mata (1978) i n  h i s  study of the children of Santa Maria Cauque concluded tha t  the 
most c r i t i c a l  period for  the child is from ages 6  to 30 months, because of the  
def ic iencies  i n  protein and calor ies  and the i r  synergis t ic  e f f ec t  with infect ions ,  especially 
diarrhea and respiratory diseases.  One can add to  t h i s  list the r o l e  of measles and 
whooping cough i n  countries where they a r e  highly prevalent. 
In  summary we can say tha t  the synergis t ic  e f f ec t  of infect ion and malnutrition can 
explain a t  l e a s t  p a r t  of the high child mortali ty for  a  given leve l  of in fan t  mortali ty.  
I f  a  comparison to the average European experience is made, we have to admit that  both 
the disease environment prevalent i n  West Africa and to  a  cer ta in  extent perhaps the 
nu t r i t i ona l  s t a tu s  a r e unfavorable to  the survival of the child.  
Malaria may play an important ro l e  i n  the age pat tern of in fan t  and child mortali ty,  
though l i t t l e  i s  a s yet  known about i ts  actual  impact. The only way to  study i t  i s  through 
the e f f e c t  of a  malaria eradication campaign, but to our knowledge there is no detai led 
data of the age pat tern of mortali ty before and a f t e r  an anti-malarial campaign a t  a  
s ign i f i can t  s t a t i s t i c a l  level .  Several s tudies  however give some in te res t ing  information: 
Gigliogi (1972) studied the population i n  a  sugar e s t a t e  of Guyana. These e s t a t e s  have 
t h e i r  own hospi ta ls  o r  dispensaries and a re  v i s i t ed  three times a  week by a  medical 
o f f i ce r .  The data collected seem to  be r e l i ab l e  and accurate. Deaths by age and cause 
a r e  avai lable  pr ior  to  the DDT campaign and i n  t h i s  period, before intervention,  malaria 
accounts f o r  the following proportion of deaths: 
TABLE 3.2 PROPORTION OF DEATH DUE TO MALARIABY AGE, GUYANA TEA ESTATE 
I Age i n  year % of deaths 
0  
post neonatal 
1 
2 
3  
4  
5-9 
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TABLE 3.2 continued
Source: Gigliogi, 1972.
Note: In the original paper Gigliogi uses age 2 to mean second year of age,
age 3 to mean third year..., i.e. what demographers call age 1, 2 etc.
This table indicates that the impact of malaria on mortality is stronger, relative to
other diseases, in childhood than in infancy. Gigliogi also noted that the major gain
in mortality after the DDT campaign was among children and young adults.
Other information on the effects of malaria on mortality in Africa can be found in WHO
studies. For instance, the Garki project in Northern Nigeria (WHO, 1970-1975) included a
demographic survey. This project covered an area of about 12,000 persons, but the
demographic data were collected only in eight villages (about 3,000 inhabitants). Two
villages served as controls; the rest received either insecticide or insecticide plus
drugs. Authors of the demographic report concluded that both infant and child mortality
declined significantly in the treated areas from the baseline period, i.e. before
treatment, to the intervention period but not in the control villages. Both periods
covered one full year May 1971, to May 1972 and May 1972 to May 1973 (surveys 3 to 8 and
8 to 13). Resultsare given in Table 3.3.
TABLE 3.3: INFANT A}ID CHILD MORTALITY IN THE GARKI PROJECT '(NUMBER OF DEATHS IN BRACKETS)
lQo/lOOO
Control
Treatment
.-. X2 diff.
Significance
4ml/lOOO
Control
T~eatmentX diff.
Significance
158.7 (33)
152.4 (64)
.04
No
113.6 (20)
70.1 (38)
3.01
Yes
1.65
16.21
No
Yes
Source: Unpublished data from the Garki project (WHO).
Another feature of the treatment is that the seasonal variations of mortality for ages
1 to 4 are no longer correlated with the seasonal variations of the prevalance of malaria
after treatment. Figures are unfortunately too small to permit comparison of percentage
decline at ages 0 and 1-4 years, before and after intervention. Furthermore this does
not reflect only the effect of malaria eradication alone, since the DDT campaign also
kills many other agents of infection. But what is still striking in these data is the high
ratio of child to infant mortality before treatment, associated with high prevalence of
malaria, although there is some evidence of undercounting neonatal deaths and some age
misreporting. .
x'Z' Signifi-
Baseline (3-8) Intervention difference cance
246.4 (17) 134.5 (9) 2.76 No
254.0 (26) 55.4 (11) 25.73 Yes
.06 4.58
No Yes
McGregor has  s tud ied  malar ia  i n  Keneba extens ive ly  and has c o n s i s t e n t l y  argued 
t h a t  plasmodium p a r a s i t e s  a r e  l i k e l y  t o  have a very  important impact on t h e  age 
p a t t e r n  of m o r t a l i t y .  H i s  f i nd ings  (McGregor 1961, 1972, 1974, 1981) i n d i c a t e  t h a t  
malar ia  a f f e c t s  mostly human beings below age 20 and e s p e c i a l l y  the  toddlers .  Young 
i n f a n t s  a r e  p ro tec ted  by t h e i r  pass ive  immunity up t o  age 6 months and begin t o  r e a c t  
t o  p a r a s i t e s  only  l a t e r .  Malaria induces an extremely complex immunological response 
and a number of yea r s  i s  requi red  before  e f f e c t i v e  p r o t e c t i v e  immunity i s  a t t a i n e d .  
Deaths by accu te  malar ia  can occur w e l l  above age 5 years  whereas most c h i l d r e n  have 
rece ived p a r a s i t e s  i n  t h e i r  blood by the  age of 2 years .  Children a r e  p a r t i c u l a r l y  
vulnerable  between ages 6 and 24 months. I n  t h e i r  t h r i d  year  they develop an  ' a n t i-  
tox ic '  immunity and by the  f i f t h  year  of l i f e  they possess s u f f i c i e n t  immunity t h a t  
p r o t e c t s  them from most of the  l e t h a l i t y  and morbidity of malaria .  Malaria seems t o  
have a s y n e r g i s t i c  e f f e c t  wi th  some o the r  d i seases .  I n  a  s tudy o f  t h e  impact of a n t i-  
m a l a r i a l  drugs McGregor (1956) found t h a t  unprotected ch i ld ren  grow more slowly than 
p ro tec ted  ch i ld ren .  
Malaria  depresses the  immunological response. Since t h e  onslaught  of malar ia  
p a r a s i t e s  i s  highly  concentrated during t h e  r a iny  season t h e  c h i l d  has changing l e v e l s  
of immunity throughout the  year ,  which can s t rong ly  a f f e c t  his/her capac i ty  t o  respond 
t o  o the r  p a r a s i t e s  and b a c t e r i a .  McGregor (1968) observed seasonal  f l u c t u a t i o n s  i n  
haemoglobin concent ra t ion  i n  e a r l y  childhood, which he a t t r i b u t e d  t o  malar ia .  H e  
argued i n  1961 t h a t  these  changing l e v e l s  of immunity could exp la in  the  r i s e  i n  the  
f o r c e  of m o r t a l i t y  during t h e  t h i r d  year.  It seems a l s o  t h a t  young c h i l d r e n  l o s e  p a r t  
of t h e i r  immunity during the  dry  season and then have t o  f a c e  p a r a s i t e s  i n  a vulnerable  
s t a t e  i n  the  second and t h i r d  r a iny  seasons (Mouchet and Carnavale, personal  comunication). 
Malaria expla ins  a  l a r g e  p a r t  of t h e  high concent ra t ion  of deaths of c h i l d r e n  during t h e  
r a i n y  season and i t  is worthwhile t o  note  t h a t  s easona l i ty  of deaths d isappears  f o r  
a d u l t s .  
The d i r e c t  impact of malar ia  on mor ta l i ty  seems t o  be s t r o n g e s t  between ages 6 
and 24 months; McGregor loca ted  a peak around 16 months. The causes of deaths observed 
i n  Ngayokheme a l s o  i n d i c a t e  the  same th ing .  But t h e  i n d i r e c t  e f f e c t  of ma la r i a ,  i.e. 
through i t s  e f f e c t  on t h e  immunological s t a t e  and probably on t h e  n u t r i t i o n a l  s t a t e  a s  
w e l l  i s  l i k e l y  t o  be important  i n  the  t h i r d  year. Nothing e l s e  bu t  malaria  seems t o  g ive  
a  s a t i s f a c t o r y  explanat ion  of the  r e l a t i v e l y  small  d e c l i n e  of the  fo rce  of m o r t a l i t y  
during t h e  second and t h i r d  years  of l i f e .  A good argument f o r  t h i s  hypothesis  i s  t h e  
r e c e n t  pub l i ca t ion  of t h e  comparison of m o r t a l i t y  i n  two nearby Gambian v i l l a g e s  
(Bil lewicz and McGregor, 1981), Keneba and Manduar, about f i v e  mi les  from each o the r .  
Incidence of ma la r i a l  parasi temia i n  Manduar ch i ld ren  i s  lower than i n  Keneba, m o r t a l i t y  
a t  ages 30-36 months i s  much lower and t h e r e  i s  no s i g n i f i c a n t  rise i n  t h e  f o r c e  of 
m o r t a l i t y  i n  the  t h r i d  year  i n  t h i s  v i l l a g e ,  which i s  a r a t h e r  n i c e  confirmation of t h e  
impact of m a l a r i a l  parasi temia.  We can a l s o  argue t h a t  higher  death r a t e s  i n  t h e  f o u r t h  
yea r  i n  Keneba a r e  due t o  higher  parasi temia than i n  Ngayokheme. 
To summarize we can say  t h a t  the  impact of malaria  on the  age p a t t e r n  of m o r t a l i t y  
i s  s t i l l  n o t  w e l l  de l inea ted  and appears  t o  be  very  complex. Malaria appears t o  have 
a d i r e c t  impact a s  a major cause of death a t  ages 6 t o  24 months and an i n d i r e c t  impact 
through i t s  e f f e c t  on the  immunological s t a t u s  and perhaps on the  n u t r i t i o n a l  s t a t u s .  
Malaria seems t o  reduce r e s i s t a n c e  t o  d i seases  and consequently reduces the  pace of t h e  
d e c l i n e  of t h e  f o r c e  of mor ta l i ty  a f t e r  12 months. But these  e f f e c t s  can have varying 
impact i n  d i f f e r e n t  environments. I n  the  Senegambia r u r a l  a reas  malar ia  seems t o  be  
a good explanat ion  of t h e  high death  r a t e s  i n  t h e  second and t h i r d  yea r s  of l i f e  and 
t h e  high concent ra t ion  of dea ths  during t h e  r a iny  seasons. 
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3.8 CULTURAL FACTORS
Cultural factors can have many indirect effects through breastfeeding practices,
nutrition and child care. Local customs can also have a direct impact on mortality of
young children. It is not uncommon for parents to give their toddlers to a foster
parent, often a friend or a relative. The Sierra Leone census has shown that almost
half of all children are sent away from home and suggests that these have a higher
mortality. Kardjati (1978) reports a similar custom in East Jave, "...the mothers
who did not nurse their infants from 0 to 6 months have a special reason. Some mothers
said they were too weak and were of the opinion that they could not produce enough
milk. There is a belief that if the previous child died during infancy a mother should
not breastfeed the baby because the milk is considered not good. Such a baby is
temporarily given to a foster parent, often a relative." Scrimshaw (1978) argues that
in certain cases, when population pressure is too strong, less care is given to children.
These kinds of practices certainly affect toddlers more than ~nfants. The sending away
of young children, after weaning, to foster parents exists in Ngayokheme but only to a
very small extent and it cannot affect significantly the mortality of young children.
3.9 INTERACTIONS AMONG FACTORS
All of these factors do not act independently from each other but rather they inter-
act strongly, especially during the rainy season. McGregor noted in 1961 that "during
the wet season the nutritional status of young children deteriorates markedly partly
as a result of infectious diseases onslaught, partly because of seasonal food shortages
and partly because of a decline on levels of child care imposed by subsistence farming."
A similar pattern of seasonality is reported by Cantrelle and Leridon (1971) in the
Sine-Saloum (Senegal). Hence, the extremely high mortality during the rainy season has
in fact three components: higher prevalence of infectious and parasitic diseases, lower
food intake and lower level of child care in a period when more is needed. This high-
risk period is responsible for a very large part of the bump in the shape of the force
of mortality between ages 6 and 36 months, because it is at these ages that the child
is most susceptible to these factors, independently of the effect of prolonged breast-
feeding and concentrated age at weaning.
3.10 SYNTHESIS: SI~TION OF THE EFFECTS OF THE FACTORS
Let us now sum up the experience of a child in the Senegambian rural environment.
After the high-risk period of the first month, the child grows well, protected by his
inherited immunity and well nourished by mother's milk. Then.comes the loss of passive
immunity, a new exposure to infection through the introduction of supplementary food
and, in some cases, an inadequate diet. In this vulnerable state he/she faces his/her
first rainy season which brings with it a high prevalence of bacteria and parasites.
Then building up his own immunity, step by step despite malarial parasites, he will
have to face his second and third rainy seasons, and in between the weaning period, which
for him means a lack of animal proteins and perhaps other nutritional deficiencies, and
the loss of the anti-bacterial components from breast milk.
Let us put this experience in a model and assume that:
a)
b)
the force of mortality declines strongly from ages 0 to 6 months as usual;
the force of mortality rises from ages 6 to 12 months because of new exposure to
the risk of infection and loss of passive immunity (log-linear increase fitting
the Ngayokheme experience);
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Figure 7 : Death rates observed and predicted by model, Ngayokheme 1963-73
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